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(57) ABSTRACT 

In one aspect, the present disclosure describes a proceSS for 
automatic artifact compensation in a digital representation of 
an image. The process includes detecting, by a processor, 
regions corresponding to facial images within the digital 
representation; locating, by the processor, red-eye regions 
within the detected regions, and automatically modifying, 
by the processor, the located red-eye regions to provide a 
modified image. 

310 
FILTER PIXELS FOR RGB CONTENT 

315 
DETERMINE NON-SKINTONE PIXELS 

32O 
FIND HIGHLIGHT PIXELS 

330 
GROUP HIGHLIGHT PIXELS 

ELIMINATE UNCHARACTERISTIC PIXEL / 340 
GROUPS 

350 
WINNOW GROUPS BY SIZE 

WINNOW BASED ONNEIGHBORING 360 

PIXELS 

MERGE GROUPS To FORMRED-EYE / 370 
CANDIDATE REGIONS 

COMPARE CANDIDATE REGIONS TO 
NEIGHBORING PXELS 

380 

  



Patent Application Publication Nov. 18, 2004 Sheet 1 of 4 US 2004/0228542 A1 

N N - 104 

LOCATE AND ELMINATE FIRST 
PXELS THAT ARE NOT SKIN 

COLOR 

LOCATE REGIONS HAVING FACIAL 
CHARACTERISTICS 

210 

/ 120 
SSSS 

s is 
SAA is 
s AA is 
is is 
SSSS 

22, 2 

220 

  

  

  

  

  



Patent Application Publication Nov. 18, 2004 Sheet 2 of 4 

300 310 
FILTER PIXELS FOR RGB CONTENT 

DETERMINE NON-SKIN TONE PIXELS 

FIND HIGHLIGHT PIXELS 

GROUP HIGHLIGHT PIXELS 

ELIMINATE UNCHARACTERISTICPIXEL 
GROUPS 

WNNOW GROUPS BY SIZE 

WINNOW BASED ONNEIGHBORING 
PIXELS 

MERGE GROUPS TO FORMRED-EYE 
CANDIDATE REGIONS 

COMPARE CANDIDATE REGIONSTO 
NEIGHBORING PXELS 

315 

320 

330 

340 

350 

360 

370 

380 

US 2004/0228542 A1 

  

  

  

  

  

  

  

  

  

  

  

  

    

    

    

    

  



Patent Application Publication Nov. 18, 2004 Sheet 3 of 4 US 2004/0228542 A1 

400 
PREPARE CANDIDATE REGION 

410 4 

ELIMINATE CANDIDATE REGION 
FROM CANDIDATE POOL 

15 

NO S CANDIDATE REGION 
WTHIN ANIMAGE OF AN 

418 

MODIFY IMAGE 

CALCULATEFACTOR FOR 
CANDIDATE REGION 

420 - 425 
MODIFY BRIGHTNESS FOR 
EACH PIXELIN REGION 

-430 
MODIFY CONTRAST FOREACH 

PXELN REGION 

435 

BLEND MODIFIED REGION INTO 
IMAGE 

440 

460 

YES 
450 

ANY INPUT SELECTING NO 
ADDITIONAL CANDIDATE 

REGION? 

445 

NO 
DISPLAY MODIFIED IMAGE 

455 

22, 4 END 

ARE ANY CANDIDATE 
REGIONS REMAINING? 

  

  

    

  

  

  

  

  

  

    

  

  

    

  

  



Patent Application Publication Nov. 18, 2004 Sheet 4 of 4 US 2004/0228542 A1 

500-, 
50 

MONITOR 

APPLICATION 
PROGRAMS 

EE DOD - - - - - - - - - - - - - 
odoo 

NETWORK 
ADAPTER 

SYSTEM BUS 

OTHER PROGRAM 
MoDULES 534 

OPERATING 530 PROGRAM 
SYSTEM 

APPLICATION532 
PROGRAMS 
PROGRAM 534 
MODULES 
PROGRAM 536 
DATA 

PROCESSING 
UNIT --------- 

542 

OOOOO 
I/O INTERFACES 

aY 
OCYYYY 539 

E- is 
PRINTER\ MOUSE KEYBOARD OTHER DEVICE(S) 

N-551 540 538 22, 2 

  

  

  

  

  

    

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

  



US 2004/0228542 A1 

MODIFICATION OF RED-EYE-EFFECT IN 
DIGITAL IMAGE 

TECHNICAL FIELD 

0001. This disclosure relates to modification of “red-eye’ 
artifacts resulting from retinal light reflection in photo 
graphic images of faces. 

BACKGROUND 

0002 Photography has evolved tremendously over the 
last century, but has always incurred needs for manipulation 
of the captured images. In Some cases, the manipulation 
Seeks to improve Some quality of the image relative to what 
a human Subject might perceive. In other cases, the manipu 
lation SeekS to ameliorate artifacts of various types that 
cause the captured image to deviate from imageS corre 
sponding to those a human Subject might perceive. 
0003. The dynamic range of photographic media, includ 
ing photodetectors employed in digital photography, is lim 
ited in comparison to the dynamic range of natural vision 
processes. As a result, there may be need to enhance 
illumination when taking a photograph. One convenient and 
highly portable approach Suitable for close-range photogra 
phy is to synchronize a brief but bright burst of light with the 
image capture process. In many cases, the illumination 
Source is a flashbulb that is immediately adjacent the camera 
lens. 

0004. However, when the photograph includes faces, 
Substantial reflection from the Subject's retinae can occur 
depending on the relative position of the illumination 
Source, the lens and the photographic Subjects. This is 
exacerbated by dilation of the Subject's pupils in response to 
the ambient illumination conditions that also made the added 
illumination desirable in order to be able to take the picture. 
In human Subjects, Such retinal reflections often result in 
unnatural reddening of the pupil region of the Subject's eyes 
or a halo of red in that vicinity; in other types of animals, 
other colors may result (e.g., green in feline eyes, resulting 
from a reflective structure behind the retina known as a 
tapetum; other possibilities depend on the Structure etc. of 
the Subject's eyes). 
0005 Various types of editing have been employed in the 
past to address these distortions. Darkroom techniques his 
torically have been employed for photographs using emul 
Sion and other photochemical image recording technologies. 
Digitization of Such images and direct digital image capture 
led to techniques requiring powerful processors and Sophis 
ticated Software requiring extensive training and experience 
of human operators to achieve desired image manipulation 
goals. 
0006. However, the advent of digital photography, 
coupled with increasingly powerful microprocessors, permit 
editing of digital images in a personal computer. One 
exemplary product for Such manipulation is known as 
“iPhoto', available from Apple, 1 Infinite Loop, Cupertino, 
Calif. 95014, tel. (408) 996-1010. Other exemplary products 
are known as “Picture It” and “PhotoDraw”, developed by 
Microsoft Corporation, Redmond, Wash. These products 
require user input in order to be able to identify target 
regions within the image that include red-eye artifacts. 
0007 Another technique for red-eye amelioration is 
described in U.S. Pat. No. 6,009,209, entitled “Automated 
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Removal Of Red Eye Effect From A Digital Image”, issued 
to Acker et al., assigned to the assignee of this disclosure and 
hereby incorporated herein by reference. This patent 
describes an apparatus and method for automatically editing 
a digital color image by parsing the discoloration into 
regions and re-coloring the area of discoloration based on 
attributes of the discoloration. This technique also relies on 
user input to identify and correct red-eye artifacts in digital 
images. 

0008 Much research has been devoted to rendering digi 
tal photography user-friendly and to enable those having 
relatively little training or Sophistication to provide high 
quality images. However, automatic compensation of image 
distortion due to the red-eye artifact continues to be desir 
able, particularly for photographic instruments intended to 
foster broad market acceptance acroSS a user base reflecting 
different degrees of user Sophistication. 

SUMMARY 

0009. Apparatus and processes for automated artifact 
compensation Such as red-eye correction in digital images 
are described. In one aspect, the disclosure describes a 
process for artifact compensation in a digital representation 
of an image. The proceSS includes detecting, by a processor, 
regions corresponding to facial images within the digital 
representation; locating, by the processor, red-eye regions 
within the detected regions, and automatically modifying, 
by the processor, the located red-eye regions to provide a 
modified image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 illustrates an exemplary environment suit 
able for digital photography. 
0011 FIG. 2 is an exemplary portion of a digitized image 
from a picture Such as a picture taken in the environment of 
FIG. 1. 

0012 FIG. 3A is an exemplary flowchart of a pre 
process for image processing. 
0013 FIG.3B is an exemplary flowchart of a process for 
image processing. 
0014 FIG. 4 is an exemplary flowchart of a process 400 
for red-eye confirmation and treatment/modification or cor 
rection to provide a more natural appearance to a digital 
image. 
0015 FIG. 5 illustrates an example of a general com 
puter environment. 

DETAILED DESCRIPTION 

0016 FIG. 1 illustrates an exemplary environment suit 
able for digital photography. A camera 102 is used to take a 
picture(s) of a subject 104 using a flash 106 on camera 102 
that potentially causes red-eye in images captured of Subject 
104. These images captured by camera 102 (commonly 
referred to as a picture being taken) are analyzed for red-eye 
and the areas with red-eye are automatically detected and 
corrected as discussed in more detail below. The red-eye 
detection can be performed in the camera 102, or alterna 
tively the captured images may be transferred to a comput 
ing device 108 that detects red-eye. Device 108 may be any 
of a wide variety of devices, Such as a desktop or portable 
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computer, copying or printing devices (e.g., a photograph 
enlargement device including a Scanner and printer), etc. 
Device 108 may include a display 110. 
0017 Camera 102 may be any type of image capture 
device that captures and stores (or communicates) images, 
Such as a film camera, a digital camera, a video camera, a 
camcorder, etc. Camera 102 may capture images in any of a 
variety of conventional manners, Such as exposing film on 
which the image is captured, exposing one or more charge 
coupled devices (CCDs) or CMOS imaging ICs and storing 
a captured still image in memory (e.g., a removable Flash 
memory, hard disk (or other magnetic or optical Storage 
medium), or motion video tape), exposing one or more 
CCDs or CMOS imaging ICs and storing multiple captured 
frames (a captured video Sequence) on a recording medium 
(e.g., Flash memory, disk or tape), etc. 
0.018 FIG. 2 is an exemplary portion 120 of a digitized 
image from a picture Such as a picture taken in the envi 
ronment of FIG. 1. In the illustrated example, the 36 pixels 
of image portion 120 are 24-bit color pixels that are repre 
sented using the conventional RGB (Red, Green, Blue) color 
model, in which three different dots (one red, one green, and 
one blue) are energized in, for example, the display 110 of 
FIG. 1 to different intensities to create the appropriate color 
for the pixel. The 24 bits of color information identify the 
intensity that each of the three different dots is to be 
energized to in order to display the pixel. The RGB color 
model is well known to those skilled in the art and thus will 
not be discussed further except as it pertains to the discus 
Sion herein. 

0019 FIG. 3A is an exemplary flowchart of a pre 
process 200 for image processing. The pre-process 200 
optionally begins in block 210 by locating and eliminating 
from further processing those pixels that do not conform to 
a skin color model. An exemplary skin color model is 
described below with reference to block 315 of FIG. 3B. 

0020. In one embodiment, the pre-process 200 identifies 
regions within an image having characteristics correspond 
ing to a face in block 220. One example of computerized 
face recognition is described in U.S. patent application 
Publication No. 20020106114 A1, entitled “System and 
method for face recognition using Synthesized training 
images” and published on Aug. 8, 2002, listing Jie Yan and 
Hong-Jiang Zhang as inventors, which is assigned to the 
assignee of the present disclosure and which is hereby 
incorporated herein by reference. Further image processing 
then may proceed as noted in block 230 (e.g., the process 
300 of FIG. 3B as described below), but within regions 
identified as having facial characteristics rather than treating 
the entire image. Employing one or more of the procedures 
described with reference to blocks 210 and 220, can result 
in improved accuracy of red-eye identification and amelio 
ration. In Some circumstances, one or more of these proce 
dures may result in greater efficiency of image processing 
FIG. 3B is an exemplary flowchart of a process 300 for 
image processing. The process 300 begins in block 310. 
0021. In block 310, the process 300 filters pixels using a 
heuristic algorithm to detect a group of candidate regions 
composed of pixels described by RGB (red-green-blue) 
content. In one embodiment, the algorithm first determines 
which pixels include red above a first threshold and also 
determines which pixels do not correspond to a skin color 

Nov. 18, 2004 

model. These determinations are used in Subsequent acts and 
thus relatively loose constraints avoid missing red-eye 
regions. In one embodiment, the algorithm corresponds to 
identifying red pixels as those pixels for which: 

0022. In block 315, the process 300 determines which 
pixels have colorations that do not correspond to skin tones. 
In one embodiment, when the RGB values for a pixel satisfy 
the conditions expressed by Calcs. 5 or 6 below, the pixel is 
considered to be a non-skin-tone pixel. 

0023. In block 320, the process 300 locates and marks 
highlight pixels and uses the highlight pixels to bound 
red-colored areas identified in the block 310. For illustrative 
purposes, an exemplary group of pixels is shown in FIG. 2. 
ASSume that at least one of the pixels marked A-A was 
identified as a red pixel in block 310. The process 300 uses 
the group of 36 pixels as a template in a red area of the 
image, and compares color for the pixels denoted A-A to 
the pixels marked S. 
0024. In one embodiment, the process 300 compares 
these pixels by taking differences between pixel values as 
shown below: 

Calc. 6 

Diff (A1) = Calc. 7 

I (A) + (A2) + I(A3) + (A4)- i. X X. I (shadow), 
shadow 

ax 

0025 where shadow refers to pixels forming a stencil 
about the pixels A-A, e.g., the pixels denoted “S” in FIG. 
2. 

0026 For example, when Diff(A)>140, and the number 
of red pixels in this 6x6 area is greater than 10, then the pixel 
A will be marked as the highlight pixel. Other highlight 
pixels are identified by similar processes. U.S. Pat. No. 
6,009,209 to Acker et al., entitled “Automated Removal Of 
RedEye Effect From A Digital Image', which is assigned to 
the assignee of this disclosure, describes techniques for 
determination of red pixels, highlight regions and the like 
and is hereby incorporated by reference. 
0027. In block 330, highlight pixels identified in block 
320 are grouped into highlight regions, which form a group 
of candidate regions for red-eye correction. In one embodi 
ment, neighboring highlight pixels identified in block 310 
are grouped to form a candidate region, where “neighbor 
ing” means adjacent or Separated by one or two pixels. 
0028. In one embodiment, highlight pixels are grouped 
using an algorithm whereby, for any given pixel, Vertical and 
horizontal neighbor pixels are considered to be connected to 
it and will be grouped with it in a candidate highlight region 
if they meet color criteria, while diagonally neighboring 
pixels are considered not to be connected to it and are not 
evaluated for grouping. The highlight region growth algo 
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rithm develops the candidate region by evaluating the four 
“connected” pixels associated with each identified candidate 
highlight pixel. 

0029. In block 340, highlight regions that are not char 
acteristic of red-eye regions are eliminated from the group of 
candidate regions. In one embodiment, this determination is 
based on knowledge that each red-eye region tends to 
include red pixels concentrated in a Single area, while red 
pixels not associated with red-eye regions tend to be more 
diffusely scattered. 

0.030. In one embodiment, each highlight region found in 
block 340 is included in a region like that shown in FIG. 2 
but which is larger, i.e., includes more pixels Surrounding 
the highlight region. In one embodiment, each highlight 
region is treated together with a Surrounding area that 
includes an area of 25 pixels by 25 pixels. When a group of 
eight or more pixels around the highlight region have 
coloration Similar to that of the highlight region, the group 
of pixels is tentatively identified as a candidate region that 
may be part of a red-eye region. 

0031. In one embodiment, color similarity is determined 
by an algorithm as shown below with respect to Calcs. 8-13. 
Let B be the number of pixels in the highlight region. Then: 

(R) Calc. 8 
avePoir = - 

A (R, + G + B) ie region 

1 (G) Calc. 9 
avePoiG = - 

B4 (R - G - B) ieregion 

Calc. 10 
aveR = h X. R; 

ie region 

0032. In one embodiment, a pixel p has color similarity 
to the region when it Satisfies the conditions Set forth in 
Calcs. 11-13 below: 

R Calc. 11 
- - - avePotR <3 
R + G + B. 

Gr Calc. 12 
- - - avePetG <3 
R + G + B 

|R - aveR < 20 Calc. 13 

0033. In block 350, the process 300 winnows regions 
from the group of candidate regions based on size con 
Straints. In one embodiment, regions that are considered to 
be too Small, too dark, too narrow, too hollow or too large 
to be typical of red-eye regions are eliminated from the 
group of candidate regions. In one embodiment, regions for 
which aveR-50 (from Calc. 10, Supra) are considered to be 
too dark and these regions are eliminated from the group of 
candidate regions. 

0034. In one embodiment, regions are characterized by a 
width W and a height h. In one embodiment, regions for 
which w-2 and h-2 are considered to be too small and are 
eliminated from the group of candidate regions. In one 
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embodiment, regions for which w/hd2.5 or for which 
h/w>2.5 or for which w-h-max(12, min(w/h)/10) (where 
maX and min provide the larger or Smaller of the arguments, 
respectively) are considered to be too narrow and are elimi 
nated from the group of candidate regions. In one embodi 
ment, regions for which B/(wh)<0.5 are considered to be 
too hollow and are eliminated from the group of candidate 
regions. In one embodiment, regions for which (wh)/ 
(W.H.)>1/500, where W. and H. COC 3.96 lmage lmage 

spond to the overall dimensions of the image, are considered 
to be too large and are eliminated from the group of 
candidate regions. 

0035) In block 360, additional regions are removed from 
the group of candidate regions based on analysis of color of 
pixels bordering the regions. In one embodiment, pixels in 
an area around the group of pixels being analyzed are 
compared to a skin color model. In one embodiment, the 
skin tone model is that described above with reference to 
block 315 and CalcS. 5 and 6. 

0036 When a threshold number or more of the surround 
ing pixels do not correspond to skin-toned pixels (as deter 
mined in block 315), the region is not considered to be likely 
to be a red-eye region and is eliminated from the group of 
candidate regions. In one embodiment, the region is inflated 
by max(w,h)/4 pixels and the pixels in the inflated region 
around the candidate region are analyzed. When the number 
of pixels that do not correspond to skin tones is greater than 
(wh)/4, the region is eliminated from the group of candi 
date regions. These processes tend to sharply reduce the 
number of candidate regions. 
0037. In block 370, the process 300 merges remaining 
highlighted candidate regions to form red-eye regions. Each 
remaining candidate region is extended, one pixel at a time, 
to form precise red-eye regions. In one embodiment, the 
region is expanded to include neighboring red pixels which 
satisfy Calcs. 1-5 and for which reaveR/2, where aveR is 
defined as in Calc. 10, and r is the red value of a neighboring 
pixel. 

0038. In block 380, the red-eye candidate regions from 
block 370 are again compared to Surrounding pixels to 
determine whether they are Surrounded by non-skin-colored 
pixels or skin-colored pixels. When the red-eye candidate 
region is determined to be Surrounded by non-skin colored 
pixels, that red-eye candidate region is eliminated from 
further consideration. In one embodiment, the comparison is 
carried out as described above with reference to block 315 
and Calcs. 5 and 6. 

0039. As a result of the processes described with refer 
ence to FIGS. 3A and 3B, red-eye regions may be auto 
matically detected in digital images. The process 300 then 
ends. 

0040. The processes described with reference to FIGS. 
3A and 3B may be carried out by treating an entire image 
as described with reference to FIG. 3B. However, other 
implementations may be employed. The processes 200 as 
described with reference to blocks 210 and/or 220 may 
precede the process 300 or may not precede the process 300. 
In Some situations, Such as those where images having many 
Similar characteristics are processed, a particular combina 
tion of these processes or acts may be advantageously 
employed. In one embodiment, a user may program a 
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device, such as a computer 502 (described below with 
reference to FIG. 5) or a camera 102 (FIG. 1) to employ a 
particular Sequence of these acts. 

0041 FIG. 4 is an exemplary flowchart of a process 400 
for red-eye confirmation and treatment/modification or cor 
rection to provide a more natural appearance to a digital 
image. The process 400 basically seeks to reduce the red 
coloration within the red-eye region and to increase the blue 
and green coloration to maintain the highlight point within 
the image of the eye. The process 400 begins in block 405. 
0042. In block 405, a candidate region is prepared. Pre 
paring a candidate region may include Selection from the 
pool of candidate regions, Such as provided by the proceSS 
300, or by user input, as is explained below in more detail 
with reference to blocks 445-460. In one embodiment, the 
selected candidate region is magnified in block 405 by one 
or more factors to provide one or more magnifications of the 
Selected candidate region for the classification process. In 
one embodiment, the Selected candidate region is magnified 
in block 405 by 3, 4, 5, 6 and 7 times, to provide five 
Separate versions of the candidate region for the classifica 
tion proceSS. Control then passes to a query task 410. 
0043. In the query task 410, candidate regions or a series 
of different magnifications are confirmed as being within an 
eye. When the query task 410 determines that any one of the 
candidates or different magnifications yields an identifica 
tion of a candidate region as being in an eye, the candidate 
region is classified as being a red-eye region. 

0044) When the query task 410 determines that a candi 
date region or magnification is not within an image of an 
eye, that candidate or magnification is eliminated from 
consideration in block 415. Unless no further candidate 
regions remain, in which case the process 400 ends, control 
then passes back to query task 405 and the process 400 
Selects a different one of the candidates or magnifications. 
0.045. In one embodiment, candidate red-eye regions are 
confirmed as being within an image of an eye using a 
classifier based on conventional AdaBoost classifier tech 
niques, as described in “Robust Real-time Object Detec 
tion”, P. Viola and M. Jones, Cambridge Research Labora 
tory Technical Report Series, February 2001, together with 
an AdaBoost training technique, as described, for example, 
in U.S. patent application No. 2002.0102024 A1, published 
on Aug. 1, 2002, and in “Robust Real-Time Object Detec 
tion”, P. Viola and M. Jones, Cambridge Research Labora 
tories, Cambridge, Mass., CRL 2001/01, available at http:// 
crl.research.compaq.com, which are hereby incorporated by 
reference herein for their teachings. These techniques rely 
on training of the eye recognition algorithm. 

0.046 Block 418 includes acts directed to modification of 
red-eye regions to provide an image with a more natural 
appearance. In block 420, a factor F is calculated for the 
entire red-eye region. In one embodiment, the factor F is 
calculated using: 

F=(int)((fPctR-max(fPctG, fPctB))/255*100*3.2), Calc. 14 

0047 where 255 is the maximum color value in RGB 
color space and division by 255 casts the range to 0, 1), and 
multiplication by 100 casts the range to 0, 100), multipli 
cation by 3.2 amplifies the difference, where int represents 
an integer function, and fpctR, fpctG, fpctB are the per 
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centage of the red, green, blue colors in the red-eye region, 
respectively, excluding red pixels. In one embodiment, red 
pixels are defined to be those that Satisfy the condition: 

Calc. 15 

0048. In block 425, brightness for each color is modified 
on a pixel-by-pixel basis in the red-eye region. In one 
embodiment, the brightness is modified, for each color as 
described below with reference to Calcs. 16-18 to provide 
modified luminances rr, gg and bb: 

rr=AdjustBrightness(r, -factor) Calc. 16 

gg=AdjustBrightness(g, factor/3) Calc. 17 

bb=AdjustBrightness(b, factor/3), Calc. 18 

0049 where AdjustBrightness is a function defined as: 
uStBrightneSS C, Int actOr)= 0050 Adjust Brigh BYTE f 

(BYTE)(0.4* factor/100*255+c) where c is the input 
color value in RGB space. 

0051. In block 430, contrast for each color is modified on 
a pixel-by-pixel basis in the red-eye region. In one embodi 
ment, the contrast is modified as described below with 
reference to Calcs. 19-21: 

rr=AdjustContrast(ri, -10, iMeanLight) Calc. 19 

gg=Adjustcontrast(gg, -10, iMeanLight) Calc. 20 
bb=Adjustcontrast(bb, -10, iMeanLight), Calc. 21 

0052 
0.053 AdjustContrast(BYTE c, int factor, BYTE 
iMeanLight)=(BYTE)(c+(float)(c- 
iMeanLight)*factor/100.0), and where c is the input 
color value in RGB space. 

where AdjustContrast is a function defined as: 

0054. In Calcs. 19-21, iMeanLight represents the average 
luminance of the red-eye region. The process described with 
respect to blocks 425 and 430 decreases the red value and 
increases the values of green and blue, while the contrast in 
the red-eye region is decreased slightly. 

0055. In block 435, the modified image is blended with 
the original image linearly based on the distance from the 
pixel to the edge. This is done in order to avoid any Sharp 
edge at the border of a rectangle bounding the red-eye 
region. 

0056. In one embodiment, the operations of blocks 425 
and 430 to adjust brightness and contrast are carried out over 
a rectangle that is slightly inflated with respect to the red-eye 
region. For pixels located outside of the red-eye region, 
reduced adjustment is applied; the larger the distance to the 
edge of the region, the less adjustment is applied to the pixel. 
For pixels located inside the red-eye region, increased 
adjustment is applied. The larger the distance to the edge, the 
more adjustment applied to the pixel. This is intended to 
“mask' appearance of edges of the rectangle in the blended 
image following correction of red-eye effects. 
0057. In one embodiment, coefficient tables correspond 
ing to different rectangle sizes are used to blend the rectangle 
edgeS. Given a rectangle size, one coefficient table afn is 
Selected to do the blending operation as follows. 
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If min(w, h) < 8 
af1 is selected; 

else if min(w.h) < 16 
af2 is selected; 

else if min(w, h) < 22 
af3 is selected; 

else 
af4 is selected. 

0.058 Exemplary coefficient tables are shown below. 

0059) int af18)={0, 2, 20, 80, 175,235, 253, 255; 
0060 int af212={0,2, 9,26,56,99, 156, 199,229, 
246, 253, 255; 

0061 int af316)={0, 2, 7, 17, 32, 53, 80, 111, 144, 
175, 202, 223, 238, 248, 253, 255; 

0062) int af422={0, 1, 3, 7, 13, 22, 34, 50, 70, 92, 
115, 140, 163, 185, 205, 221, 233, 242, 248, 252, 
254, 255; 

0.063. In each coefficient table af1-afS, the middle coef 
ficient corresponds to the pixels on the rectangle edgeS. The 
coefficients to the left of the middle coefficient correspond to 
the pixels outside the rectangle and the coefficients to the 
right of the middle coefficient correspond to pixels within 
the rectangle. 
0064. The smaller the coefficient, the less adjustment is 
applied to the pixel. The coefficient tables may be calculated 
from formulas, however, tables may be employed for Sim 
plicity and efficiency. 
0065. More precisely, pixels are modified as follows: 

: : Volended=(1-C) Voriginal+C" Vmodified 
0.066 where V represents a pixel’s color value in RGB 
Space, and C. is the coefficient corresponding to the pixel’s 
location. 

0067. Following blending the modified region into the 
image in block 435, a query task 440 determines when any 
red-eye candidate regions remain. When the query task 440 
determines that there are further red-eye candidate regions 
remaining, control passes back to block 405 to Select and 
prepare another candidate region. When the query task 440 
determines that no further red-eye candidate regions remain, 
the automatic red-eye detection and correction process ends 
and control passes to block 445. 
0068. In block 445, an image corresponding to the origi 
nal image with at least one red-eye region modified is 
displayed for a user to review. The user may note that Some 
regions have been modified inappropriately, that is, regions 
that were not red-eye regions have been modified, or the user 
may note that Some remaining regions have red-eye char 
acteristics. 

0069. In one embodiment, following automatic red-eye 
region detection and confirmation, a manual proceSS may be 
employed to detect any remaining red-eye regions. This may 
be desirable because an automated System may have a very 
high degree of efficiency in identifying and correcting red 
eye regions but still fail to detect and correct a Small but 
unacceptable percentage of Such regions. 
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0070. In one embodiment, a user of a camera, printer, 
computer or transmission System displays an image. A 
tactile or other user input device is employed to designate a 
portion of the image. In one embodiment, a Sub-rectangle 
having height and width of one-eighth of a total image size 
is defined about the designated portion. The processes 
described with reference to process 300 then are executed 
with reference to the image portion within the Sub-rectangle. 
In one embodiment, a threshold for determining when a 
red-eye candidate is within an image of an eye is reduced, 
with the result that the candidate (e.g., from block 370) 
having a highest overall confidence Score will be identified 
as a red-eye region and automatically corrected. The adjust 
ment of the threshold is dependent on the classifier and the 
algorithm. It is determined empirically. 
0071. A query task 450 determines when the user selects 
a region for further processing and determines what type of 
further processing is desired. 
0072. When the query task 450 determines that the user 
will Select a region for further processing, the user may 
designate a portion of the image by positioning a cursor in 
the vicinity of that region. When the user indicates that a 
region that should not have been treated as a red-eye region 
has in fact been so treated, the process 400 can restore that 
image portion So that it appears as it did prior to initiation of 
the process 400. 
0073. When the query task 450 determines that the user 
indicates that a region continues to display red-eye charac 
teristics, thresholds may be modified or reduced in block 
460, i.e., in Some or all of Calcs. 1-7 and 11-13, and that 
region treated as described above with respect to blockS 
405-445, but with the modified thresholds. 
0074) When the query task 450 determines that no further 
regions are being Selected by the user, the process 400 ends 
(block 455). 
0075) The processes of FIGS. 3A, 3B and 4 may be 
implemented as one or more modules, Such as hardware 
modules, or Software modules. Such can comprise ASICS or 
processors coupled with one or more Software modules. 
0076 FIG. 5 illustrates an example of a general com 
puter environment 500. The illustrated operating environ 
ment is only one example of a Suitable operating environ 
ment and is not intended to Suggest any limitation as to the 
scope of use or functionality of the embodiments of this 
disclosure. Other well-known computing Systems, environ 
ments, and/or configurations that may be Suitable for imple 
mentation of the disclosure include, but are not limited to, 
personal computers, Server computers, hand-held or laptop 
devices, multiprocessor Systems, microprocessor-based Sys 
tems, programmable consumer electronics (e.g., digital 
Video recorders), gaming consoles, cellular telephones, 
image capture devices (e.g., digital cameras), printers 
including data processing capabilities, network PCs, mini 
computers, mainframe computers, distributed computing 
environments that include any of the above Systems or 
devices, and the like. 
0.077 FIG. 5 shows a general example of a computer 502 
that can be used to implement the processes described 
herein. Computer 502 is shown as an example of a computer 
in which various embodiments of these processes can be 
practiced, and can be, for example, the device 108 of FIG. 
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1, or a computer that is a portion of IS the camera 102. 
Computer 502 is illustrated as only an example of a com 
puting device that may be used with the invention; other 
devices may alternatively used that include more compo 
nents or alternatively fewer components than those illus 
trated in FIG. 5. For example, a digital camera may include 
only a processing unit, bus, System memory, universal Serial 
buS interface, and removable Storage device. 
0078 Computer 502 includes one or more processors or 
processing units 504, a system memory 506, and a bus 508 
that couples various System components including the SyS 
tem memory 506 to processor(s) 504. The bus 508 repre 
Sents one or more of any of Several types of bus structures, 
including a memory bus or memory controller, a peripheral 
bus, an accelerated graphics port and a processor or local bus 
using any of a variety of buS architectures. The System 
memory 506 includes nonvolatile read only memory (ROM) 
510 and random access memory (RAM) 512, which may or 
may not be a volatile memory. A basic input/output System 
(BIOS) 514, containing the basic routines that help to 
transfer information between elements within computer 502, 
such as during start-up, is stored in ROM 510. 
0079 Computer 502 further includes a hard disk drive 
516 for reading from and writing to a hard disk, not shown, 
coupled to bus 508 via a data media interface 517 (e.g., a 
SCSI, ATA, or other type of interface); a magnetic disk drive 
518 for reading from and writing to a removable magnetic 
disk 520 and an optical disk drive 524 for reading from 
and/or writing to a removable optical disk 526 such as a CD 
ROM, DVD, or other optical media. The hard disk drive 
516, magnetic disk drive 518, and optical disk drive 522 are 
each coupled to the system bus 508 by one or more data 
media interfaces 517. Alternatively, the hard disk drive 516, 
magnetic disk drive 518, and optical disk drive 524 can be 
coupled to the system bus 508 by one or more interfaces (not 
shown). 
0080. The drives and their associated computer-readable 
media provide nonvolatile Storage of computer readable 
instructions, data structures, program modules and other 
data for computer 502. 
0.081 Although the exemplary environment is described 
herein as employing a hard disk drive 516, a removable 
magnetic disk 520 and a removable optical disk 526, it will 
be appreciated by those skilled in the art that other types of 
computer readable media which can Store data that is 
accessible by a computer, Such as magnetic cassettes, flash 
memory cards, random access memories (RAMs), read only 
memories (ROM), and the like, may also be used in the 
exemplary operating environment. 
0082) A number of program modules may be stored on 
the hard disk drive 516, magnetic disk 520, optical disk 526, 
ROM 510, or RAM 512, including an operating system 530, 
one or more application programs 532, other program mod 
ules 534, and program data 536. A user may enter commands 
and information into computer 502 through input devices 
such as keyboard 538 and pointing device 540. Other input 
devices 539 may include a microphone, joystick, game pad, 
Satellite dish, Scanner, or the like. These and other input 
devices are coupled to the processing unit 504 through an 
input/output interface 542 that is coupled to the system bus 
(e.g., a serial port interface, a parallel port interface, a 
universal serial bus (USB) interface, an IEEE 1394 
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(Firewire) interface, etc.). A monitor 550 or other type of 
display device is also coupled to the system bus 508 via an 
interface, such as a video adapter 552. In addition to the 
monitor 550, personal computers such as the computer 502 
typically include other peripheral output devices Such as 
printer 551 and speakers (not shown). 
0083 Computer 502 operates in a networked environ 
ment using logical connections to one or more remote 
computers, such as a remote computer 560. The remote 
computer 560 may be another personal computer, a Server, 
a router, a network PC, a peer device or other common 
network node, and typically includes many or all of the 
elements described above relative to computer 502. The 
logical connections represented in FIG. 5 include a local 
area network (LAN) 572 and a wide area network (WAN) 
574. 

0084. In a networked environment, such as that illus 
trated with computing environment 500, program modules 
depicted relative to the computer 502, or portions thereof, 
may be stored in a remote memory Storage device. By way 
of example, remote application programs 562 reside on a 
memory device of remote computer 560. 
0085 Such networking environments are commonplace 
in offices and enterprise-wide computer networks, and in 
asSociation with intranets and the Internet. In certain 
embodiments, computer 502 executes an Internet Web 
browser program (which may optionally be integrated into 
the operating system 530) such as the “Internet Explorer" 
Web browser manufactured and distributed by Microsoft 
Corporation of Redmond, Wash. 
0086. When used in a LAN networking environment, 
computer 502 is coupled to I the local network 572 through 
a network interface or adapter 576. When used in a WAN 
networking environment, computer 502 typically includes a 
modem 578 or other means for establishing communications 
over the wide area network 574, Such as the Internet. The 
modem 578, which may be internal or external, is coupled 
to the system bus 508 via a serial port interface. In a 
networked environment, program modules depicted relative 
to the personal computer 502, or portions thereof, may be 
Stored in the remote memory Storage device. It will be 
appreciated that the network connections shown are exem 
plary and other means of establishing a communications link 
between the computers may be used. 
0087 Computer 502 typically includes at least some form 
of computer readable media. Computer readable media can 
be any available media that can be accessed by computer 
502. By way of example, and not limitation, computer 
readable media may comprise computer Storage media and 
communication media. Computer Storage media includes 
Volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for Storage 
of information Such as computer readable instructions, data 
Structures, program modules or other data. Computer Storage 
media includes, but is not limited to, RAM, ROM, 
EEPROM, flash memory or other memory technology, CD 
ROM, digital versatile disks (DVD) or other optical storage, 
magnetic cassettes, magnetic tape, magnetic disk Storage or 
other magnetic Storage devices, or any other media which 
can be used to Store the desired information and which can 
be accessed by computer 502. Communication media typi 
cally embodies computer readable instructions, data Struc 
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tures, program modules or other data in a modulated data 
Signal Such as a carrier wave or other transport mechanism 
and includes any information delivery media. The term 
"modulated data Signal” means a signal that has one or more 
of its characteristics Set or changed in Such a manner as to 
encode information in the Signal. By way of example, and 
not limitation, communication media includes wired media 
Such as wired network or direct-wired connection, and 
wireleSS media Such as acoustic, RF, infrared and other 
wireless media. Combinations of any of the above should 
also be included within the Scope of computer readable 
media. 

0088. The present disclosure is provided in part in the 
general context of computer-executable instructions, Such as 
program modules, executed by one or more computers or 
other devices. Generally, program modules include routines, 
programs, objects, components, data Structures, etc. that 
perform particular tasks or implement particular abstract 
data types. Typically the functionality of the program mod 
ules may be combined or distributed as desired in various 
embodiments. 

0089 For purposes of illustration, programs and other 
executable program components Such as the operating Sys 
tem are illustrated herein as discrete blocks, although it is 
recognized that Such programs and components reside at 
various times in different Storage components of the com 
puter, and are executed by the data processor(s) 504 of the 
computer 502. 
0090 Alternatively, the concepts disclosed herein may be 
implemented in hardware or a combination of hardware, 
Software, and/or firmware. For example, one or more appli 
cation specific integrated circuits (ASICs) could be designed 
or programmed to embody the concepts disclosed herein. 
0091 Conclusion 
0092 Although the description above uses language that 
is Specific to structural features and/or methodological acts, 
it is to be understood that the recitation of the appended 
claims is not limited to the Specific features or acts 
described. Rather, the Specific features and acts are disclosed 
as exemplary forms of implementing these concepts. 

1. A process for automatic red-eye artifact modification in 
a digital representation of an image comprising: 

detecting, by a processor, regions corresponding to facial 
images within the digital representation; 

locating, by the processor, red-eye regions within the 
detected regions, and 

automatically modifying, by the processor, the located 
red-eye regions to provide a modified image. 

2. The process of claim 1, further comprising, prior to 
detecting, removing from a pool of candidate pixels com 
prising the digital representation first pixels having colors 
indicative that the first regions do not represent facial 
images. 

3. The process of claim 1, wherein locating includes: 
analyzing colors of pixels to denote red pixels and to 

denote non-skin-color pixels, 
when a red pixel is Surrounded by pixels having non-skin 

colors, removing that pixel from further analysis, and 
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when the red pixel is not Surround by non-skin-color 
pixels, Subjecting data corresponding to that pixel to 
further analysis. 

4. The process of claim 1, wherein locating includes: 
denoting red pixels as satisfying R>50; R/(R+G+B)>0.40; 

G/(R+G+B)<0.31 and B/(R+G+B)<0.36; 
determining when RGB values for a region about a 

denoted red pixel satisfy conditions: G/(R+G+B)>0.40 
or B/(R+G+B)>0.45; 

when the RGB values for the region satisfy the conditions, 
removing the region from a pool of red-eye candidate 
regions, and 

when the RGB values for the region do not satisfy the 
conditions, maintaining the regions in the pool. 

5. The process of claim 1, wherein locating red-eye 
regions comprises: 

filtering pixels comprising the digital representation for 
RGB content to denote red pixels and to denote non 
skin-tone pixels, 

finding highlight pixels within the denoted red pixels, 
grouping highlight pixels to form a pool of highlight 

areas, 

eliminating groups not characteristic of red-eye regions 
from the pool; 

winnowing groups by Size to remove Some groups from 
the pool; 

winnowing groups based on comparison of colors of 
nearby pixels to remove additional groups from the 
pool; 

merging groups to form red-eye candidate regions, and 
Second winnowing groups based on comparison of colors 

of nearby pixels to remove further groups from the 
pool. 

6. The process of claim 1, further comprising, after 
automatically modifying: 

displaying the modified image; 

receiving an indication from a user of a region within the 
modified image for further analysis, 

identifying a candidate red-eye region within the modified 
image; and 

correcting the identified red-eye region in response to user 
input. 

7. An article of manufacture comprising a storage medium 
having computer-readable code embodied thereon that is 
configured to cause one or more processors to: 

identify a group of candidate red-eye regions within a 
digital representation of an image; 

winnow the group to eliminate candidate red-eye regions 
not associated with an image resembling an eye; 

modify a first Set of red-eye regions and blend locations 
corresponding to the first Set of red-eye regions with the 
image to provide a modified image; 

display the modified image; and 
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modify and blend one or more additional red-eye regions 
in response to user input to provide another modified 
image. 

8. The article of manufacture of claim 7, wherein the 
computer-readable code is further configured to cause the 
one or more processors to replace the first Set of red-eye 
regions and the one or more additional red-eye regions with 
regions that blend with the another modified image. 

9. The article of manufacture of claim 7, wherein the 
computer-readable code configured to identify comprises 
computer readable code configured to cause the one or more 
processors to: 

filter pixels to identify (i) first pixels that are considered 
to be red pixels and (ii) Second pixels that are non 
skin-color pixels; 

Sort the red pixels to locate highlight pixels and to form 
groups of highlight pixels, and 

winnow the groups based on size, neighboring pixel color 
and red-eye characteristics to form the group of can 
didate red-eye regions. 

10. The article of manufacture of claim 7, wherein the 
computer-readable code configured to modify one or more 
additional red-eye regions comprises computer readable 
code configured to cause the one or more processors to 
process a designated portion of the modified image using 
one or more thresholds that are leSS constrained than the 
thresholds employed to identify and winnow. 

11. The article of manufacture of claim 7, wherein the 
computer-readable code configured to identify comprises 
computer readable code configured to cause the one or more 
processors to: 

determine portions of the image corresponding to a facial 
image and having coloration consistent with Skin, and 

winnow and modify only within the determined portions. 
12. A process for causing one or more processors to 

automatically modify a digital image comprising: 
determining first areas within the image having corre 

spondence with facial images, 
eliminating portions within the first areas that are not 

consistent with a skin-tone-model to provide Second 
areas, 

identifying red-eye regions within the Second areas, 
modifying the red-eye regions from the digital image; and 
blending the modified red-eye regions with the digital 

image to provide a modified image. 
13. The process of claim 12, wherein identifying com 

prises identifying regions having coloration and Size char 
acteristics consistent with red-eye regions. 

14. The process of claim 12, wherein identifying com 
prises: 

locating first pixels comprising red pixels in association 
with skin-colored areas, 

grouping first pixels by identifying and grouping high 
light pixels; 

winnowing first pixel groups to provide Second pixel 
groups by eliminating first pixel groups based on 
coloration- of nearby pixels, characteristics of pixel 
groups and size of pixel groups; 
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forming red-eye candidate regions from the Second pixel 
groups, and 

eliminating red-eye candidate regions not associated with 
an image of an eye. 

15. The process of claim 12, further comprising: 
displaying the modified image; 
receiving an indication from a user of a region within the 

modified image for further analysis, 
identifying a candidate red-eye region within the modified 

image in response to user input; and 
modifying the identified red-eye region to alter a red-eye 

image therein and blending the identified red-eye 
region with the modified image to provide another 
modified image. 

16. A System for image manipulation comprising: 

a proceSSOr, 

a memory coupled to the processor and configured to 
Store data representing an image, and 

an artifact modification module configured to cause the 
processor to access the data representing the image and 
to: 

identify first pixels having a red content above a first 
threshold; 

identify Second pixels having coloration inconsistent 
with a skin color model by comparing pixels to a Set 
of threshold values; 

Sort the first and Second pixels to form a pool of red-eye 
candidate regions, 

winnow the pool to eliminate red-eye candidate regions 
that (i) are not associated with nearby Second pixels 
and (ii) are not associated with images corresponding 
to an image of an eye to provide red-eye regions, and 

modify and blend the red-eye regions to provide a 
modified image. 

17. The system of claim 16, wherein the artifact modifi 
cation module is further configured to: 

cause the modified image to be displayed; 
accept user input designating at least a portion of the 

modified image; 
identify first and Second pixels using a modified first 

threshold and a modified set of threshold values to 
identify one or more additional red-eye candidate 
regions, and 

remove and blend the one or more additional red-eye 
regions to provide an altered image. 

18. The system of claim 16, wherein the processor is 
contained in an apparatus chosen from a group consisting of 
a digital camera, a digital image Scanning device, a com 
puter and a printer. 

19. The system of claim 16, wherein the artifact modifi 
cation module comprises computer code embodied in a 
Storage medium. 

20. The system of claim 16, wherein the artifact modifi 
cation module comprises integrated circuitry. 
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21. The system of claim 16, wherein the artifact modifi 
cation module is further configured to: 

determine those regions within the data representing the 
image having characteristics associated with a face; and 

identify first and Second pixels only within those regions. 
22. The system of claim 16, wherein the artifact modifi 

cation module is further configured to: 

filter pixels according to a skin tone color model to 
identify candidate pixels, 

determine, among the candidate pixels, those regions 
within the data representing the image having charac 
teristics associated with a face, and 

identify first and Second pixels only within those regions. 
23. The system of claim 16, wherein the artifact modifi 

cation module configured to modify and blend the red-eye 
regions is configured to: 

decrease the red value within the red-eye region; 

increase the values of green and blue within the red-eye 
region; 

decrease contrast within the red-eye region to provide a 
modified red-eye region; and 

blend the modified red-eye region with the original image 
linearly based on the distance from each pixel in the 
red-eye region to a nearest edge of the red-eye region. 

24. A proceSS for detection and modification of Specific 
types of regions in a digital representation of an image 
comprising: 

identifying first pixels in a first Set of regions including 
red values above a first threshold; 

identifying Second pixels adjacent the first pixels having 
coloration inconsistent with a color model for human 
skin; 

identifying a third set of regions taken from the Second Set 
that are bordered by regions having coloration consis 
tent with the color model; 

locating highlight regions within the third set of regions, 
grouping the highlight regions into a pool of red-eye 

candidate regions, 
determining red-eye regions from the pool which Satisfy 

predetermined criteria; and 

modifying and blending the determined red-eye regions to 
provide a modified image. 

25. The process of claim 24, wherein determining com 
prises winnowing the third Set to only include those regions 
whose images are consistent with being associated with an 
image of an eye. 

26. The process of claim 24, further comprising: 

displaying the digital representation with the third Set 
demarcated; and 

accepting user input Selecting a fourth Set having overlap 
with the third Set in response to displaying, wherein the 
fourth Set includes fewer regions than the third Set. 
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27. The process of claim 24, further comprising: 
displaying the digital representation with the third Set 

demarcated; and 
accepting user input Selecting a fourth Set having overlap 

with the third Set in response to displaying, wherein the 
fourth Set includes more regions than the third Set. 

28. The process of claim 24, further comprising: 
displaying the digital representation with the third Set 

demarcated; and 
accepting user input Selecting a fourth Set having overlap 

with the third Set in response to displaying, and 
correcting for red-eye distortion in the fourth Set. 
29. A camera comprising: 
an image capture device; and 
a red-eye filter module configured to automatically iden 

tify red-eye regions and to automatically treat identified 
red-eye regions. 

30. The camera of claim 29, further comprising: 
a first module configured to eliminate first regions from 

consideration as red-eye regions, the first regions hav 
ing color characteristics inconsistent with a skin-tone 
color model; 

a Second module configured to identify regions including 
image portions having attributes associated with 
images of faces, wherein the red-eye filter module 
evaluates image portions having attributes consistent 
with an image of an eye. 

31. A computer readable medium having a plurality of 
instructions thereon that, when executed by a processor, 
cause the processor to: 

automatically process a digital image to identify red-eye 
regions within the digital image, and 

modify the red-eye regions to provide a more natural 
appearance to the image. 

32. The computer readable medium of claim 31, wherein 
the plurality of instructions to cause the processor to process 
the image further comprise instruction to cause the processor 
to: 

identify first pixels in a first Set of regions including red 
values above a first threshold; 

identify Second pixels adjacent the first pixels having 
coloration inconsistent with a color model for human 
skin; and 

identify red-eye regions including at least Some Second 
pixels. 

33. The computer readable medium of claim 31, wherein 
the plurality of instructions to cause the processor to process 
the image further comprise instruction to cause the processor 
to: 

identify first pixels in a first Set of regions including red 
values above a first threshold; 

identify Second pixels adjacent the first pixels having 
coloration inconsistent with a color model for human 
skin; 
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identify a third Set of regions taken from the Second Set determine red-eye regions from the pool which Satisfy 
that are bordered by regions having coloration consis- predetermined criteria; and 
tent with the color model; 

modify the red-eye regions and blend the modified red 
locate highlight regions within the third set of regions, eye regions to provide a modified image. 
group the highlight regions into a pool of red-eye candi 

date regions; k . . . . 


